obtained by using mixed-model analysis were similar to estimates obtained using the method proposed by GRIFFING (1956) .
Thus, the aim of this study was to identify the best parents and hybrid combinations to produce a higher proportion of normal fruits based on estimates of general and specific combining ability using linear mixed-model analysis. An experiment with a complete diallel design was performed at the Caliman Agrícola S/A company in Linhares, Espírito Santo (ES), Brazil. A total of 56 combinations (F1s and reciprocals) and their respective parents -four from the 'Formosa' group ('Maradol', and four from the 'Solo' group ('Waimanalo', 'Golden', 'Sunrise Solo 72-12' and 'São Mateus') -were evaluated in a completely randomized block design with four replicates, and each plot consisted of 10 plants (two rows with five plants each) with a spacing of 2.0 x 1.8m. Treatments were spaced 3.6m apart.
Three counts of all fruits with marketable characteristics and deformities (carpelloidy and pentandry) were performed at 170, 225 and 320 days after planting, and the mean of the three assessments was calculated as the percentage of fruits with marketable, carpelloid and pentandric characteristics. Percentages of each variable were used to obtain estimates of variance components in fruit shape (individual restricted maximum likelihood [REML] analysis), predicted additive genetic effect of parents and the specific combining ability of the crosses using model 36 in Selegen-REML/BLUP (best linear unbiased prediction) software (RESENDE, 2006) . The predicted genetic values followed the statistical linear mixed models as follows: y = Xr + Za + Wf + e, where y is the data vector; r is the replicate effects vector (assumed fixed) added to the overall mean; a is the individual additive genetic effects vector (assumed random); f is the dominance effects vector (assumed random); and e is the error or residuals vector (random). Uppercase letters represent the incidence matrices of these effects.
The mixed-model equation used to estimate the fixed effects and predict the random effects resulting from the BLUP procedure follows (VIANA and RESENDE, 2014):
, where:
The residual variance was lower than the genetic (additive and dominance) variance in the percentages of both marketable and carpelloid fruits. Unsurprisingly, the heritability values, in the narrow sense of these variables, were 0.56 and 0.67, respectively (Table 1) , and low heritability estimates and high residual variance were obtained for the percentage of pentandric fruits. Thus, marketable fruits are more easily produced, which should result from a reduction in the number of carpelloid fruits relative to pentandric fruits.
The estimates of general combining ability indicated that the 'Maradol', 'JS12-N', 'Waimanalo', 'Golden' and 'Sunrise Solo 72-12' parents have the potential to increase the proportion of marketable fruits and decrease the number of carpelloid fruits, whereas the 'JS12-N', 'Waimanalo', 'Golden' and 'São Mateus' parents reduced the number of pentandric fruits (Table 2) . Furthermore, 'Maradol' and 'São Mateus' can potentially reduce the severity of powdery mildew in papaya leaves (VIVAS et al., 2012b) , and 'Maradol' and 'São Mateus', together with 'JS12-N', also reduced the severity of phoma spot (VIVAS et al., 2013) . The 'Golden', 'Sunrise (Table 3 ). The highest divergence in the 'JS12-4' and 'Sekati' parents Table 3 -Estimates of the effects of specific combining ability on the proportions of marketable, carpelloid and pentandric fruits from hybrids resulting from the crosses of eight papaya parents.
Papaya parentes 1 2 3 4 5 6 7 8 In terms of the specific combining ability estimates for the three fruit characteristics, the following crosses exhibited positive values for the proportion of normal fruits and negative values for the proportions of carpelloid and pentandric fruits: between the 'Maradol' parent and the 'JS12-N', 'JS12-4', 'Sekati', 'Waimanalo' and 'Golden' parents; between the 'JS12-N' parent and the 'JS12-4', 'Sekati' and 'Waimanalo parents; between the 'JS12-4' parent and the 'Sekati' parent; between the 'Sekati' parent and the 'São Mateus' parent; between the 'Waimanalo' parent and the 'JS12-N', 'JS12-4', 'Golden' and 'Sunrise Solo 72/12' parents; between the 'Golden' parent and the 'Maradol', 'JS12-N', 'Sekati' and 'Waimanalo' parents; between the 'Sunrise Solo 72/12' parent and the 'Maradol', 'Sekati' and São Mateus' parents; and between the 'São Mateus' parent and the 'Maradol', 'JS12-N', 'Sekati' and 'Sunrise Solo 72/12' parents (Table 3) . Thus, all of these crosses are considered promising for papaya breeding programs.
